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SUBJECT: Transmittal of Technical Report D-77-6 (Appendix E) 

TO: All Report Recipients 

1. The technical report transmitted herewith represents the results of 
one of several research efforts (Work Units) undertaken as part of Task lA, 
Aquatic Disposal Field Investigations of the Corps of Engineers' Dredged 
Material Research Program. Task 1A is a part of the Environmental Impacts 
and Criteria Development Project (EICDP), which has as a general objective 
determination of the magnitude and extent of effects of disposal sites on 
organisms and the quality of surrounding water, and the rate, diversity, 
and extent such sites are recolonized by benthic flora and fauna. The 
study reported on herein was an integral part of a series of research 
contracts jointly developed to achieve the EICDP general objective at the 
Eatons Neck Disposal Site, one of five sites located in several geographical 
regions of the United States. Consequently, this report presents results 
and interpretations of but one of several closely interrelated efforts 
and should be used only in conjunction with and consideration of the other 
related reports for this site. 

2. This report, Appendix E: Predisposal Baseline Conditions of Zoo- 
plankton Assemblages, is one of six contractor-prepared reports that are 
appended to the Waterways Experiment Station Technical Report D-77-6 
entitled: Aquatic Disposal Field Investigations, Eatons Neck Disposal Site, 
Long Island Sound. The titles of the appendices of this series are listed 
on the inside front cover of this report. The technical report provides 
additional results, interpretations, and conclusions not found in the 
individual appendices and provides a comprehensive summary and synthesis 
overview of the entire project. 

3. The purpose of this report, conducted as Work Unit lA06C, was to determine 
the baseline conditions of the zooplankton at an established disposal site 
off Eatons Neck, Long Island, New York, and the surrounding area. The study 
was to provide a precise estimate of the distribution and abundance of zoo- 
plankton, and ichthyoplankton. The exact depth distribution of these com- 
ponents was of less importance than the variation associated with determi- 
nations of their absolute abundance on a seasonal and annual basis. The 
variation of abundance was deemed necessary and sufficient for establishing 
a baseline to which comparisons could be made during and subsequent to 
disposal operations. 
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4. This report gives the major species of zooplankton and ichthyoplankton 
located at Eatons Neck disposal area and a reference area. There appears 
to be little change in densities or type of organisms from that reported 
in the literature. One significant concept in the report is that of 
copepod resting eggs which are at present being investigated as an important 
reproductive strategy in marine copepods. It is possible that in future 
disposal operations that numbers of resting eggs in the sediments of a 
disposal area should be considered as to possible habitat loss prior to 
disposal operations. 

5. The baseline evaluations at all of the EICDP field sites were developed 
to determine the base or ambient physical, chemical, and biological condi- 
tions at the respective sites from which to determine impacts due to the 
subsequent disposal operations. Where the dump sites had historical usage, 
the long-term impacts of dumping at these sites could also be ascertained. 
Controlled disposal operations at the Eatons Neck site, however, did not 
occur due to local opposition to research activities and even though the 
Eatons Neck project was terminated after completion of the baseline, this 
information will be useful in evaluating the impacts of past disposal at 
this site. The results of this study are particularly important in de- 
termining placement of dredged material for open-water disposal. Reference 
studies, as well as the ones summarized in this report, will aid in determin- 
ing the optimum disposal conditions and site selection in relation to the 
zooplankton assemblages of the historical dump site and surrounding areas. 

JOHN L. CANYON 
Colonel, Corps of Engineers 
Commander and Director 

2 



Technical Report D-77-6 
TlTLE (.md S"bllllo> 

AQUATIC DISPOSAL FIELD INVESTIGATIONS, EATONS 
NECK DISPOSAL SITE, LONG ISLAND SOUND, APPENDIX E: 
PRBDISPOSAL BASELINE CONDITIONS OF ZOOPLANKTON 6. PERFORWlNG ORG. REPORT NUYSER 

Ronald I. Caplan DACW51-75-C-0016 

New York Ocean Science Laboratory 
Montauk, New York DblRP Work Unit No. 1~06~ 

- 
Office, Chief of Engineers, U. S. Army 
Washington, D. C. 20314 

September 1977 
IX. NUMBER OF PAGES 
104 

4. HONlTORlNG AGENCY NAME (L AODRESS(II d,mro"l from C.mtrollln* olliro) IS. SECURITY CLASS. (Ofi ,I,,. r*porf~ 
U. S. Army Engineer Waterways Experiment Station 
Environmental Effects Laboratory Unclassified 
P. 0. Box 631, Vicksburg, Miss. 39180 Fia. DECLL5*,F,C~T,OLI/DO*YOR~oING SCHEDULE 

Approved for public release; distribution unlimited. 

Aquatic microorganisms Field investigations Zooplankton 
Disposal areas Fisheries 
Dredged material disposal Fishes 
Eatons Neck disposal site Sampling 

a AlamrcT~ e".U".b%SfV a4.i fdaUlh by b,.xX tlun6", 
A zooplankton and ichthyoplankton study was initiated in October 1974 

for the purpose of establishing a baseline data bank at the Earons Neck dis- 
posal site. A control site was also studied. During the g-month study 
(October 1974 through June 1975), a total of 147 samples were taken at each 
of three stations (two disposal sites and one control) consisting of multi- 
depth tows utilizing 60-m Bongo samplers (363 and 202 u mesh nets). Con- 
comitantly, temperature and salinity profiling was done. (Continued) 
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Acartia tonsa was common throughout the first 6 months of the study 
with densities as high as 500,000 individuals/1000 m3 observed in March 1975. 
A plankton bloom occurred in populations of several copepods (including co- 
pepodids) in December 1974, e.g., Acartia clausii, Remora Longicomis, and 
Acartia spp. copepodids. Meroplanktonic Crustacea, Caridia (shrimp), and 
Brachyura (crabs) became abundant (greater than 100,000 individuals/1000 m3) 
in March and April 1975, respectively. Meroplanktonic Mollusca, Gastropoda, 
and Bivalvea became abundant (greater than 1000 individuals/l000 m3) in April 
and May 1975, respectively. There were two blooms of Cladocera during 1975, 
one in February (1000 individuals/1000 m3) and one in June (l,OOO,OOO 
individuals/1000 m3). Evadne sp. dominated the first bloom, and Podon sp. 
the second. Polychaeta larvae were not common at any time during the study. 

The first fish eggs obtained in this study were collected in February 
1975 at both control and disposal sites. They belonged to the four-bearded 
rockling, EncheZyopus cimbrius. Larvae of the winter flounder, PseudopZemo- 
metes americanus, and the sand lance, Anmodytes hempterus, were also 
collected with the former being present at the control site only. The 
spring pattern of ichthyoplankton abundance included the eggs of ZW.?heZyopus 
cimbrius, Scomber scombms, and Scopthalmus aquosus. MyoxocephaZus spp. 
and PseudopZewonectes americanus larvae were also collected. The summer 
ichthyoplankton fauna included nine species of eggs and larvae with the 
first appearance of the butterfish, PepriZus triacanthus. 

The winter patterns of copepod abundance indicated two important 
findings: 

a* There was a copepod bloom in December 1974, 6 weeks before the 
spring diatom bloom. 

!L* Copepod densities were maximum at depth during the November 
diurnal, indicating a reproductive strategy not previously 
reported. 
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PREFACE 

This report presents the results of an investigation designed to 

determine the baseline conditions of the zooplankton at an established 

disposal site off Eatons Neck, Long Island. The study was prepared for 

the Office, Chief of Engineers, and supported by the U.S. Army Engineer 

Waterways Experiment Station (WES), Environmental Effects Laboratory (EEL), 

Vicksburg, Mississippi, under Contract No. DACW51-75-C-0016 to the New 

York Ocean Science Laboratory, Montauk, New York. The report forms part 

of the EEL Dredged Material Research Program (DMRP). 

Contracting was handled by the New York District (NYD); COL Thomas C. 

Hunter, CE, NYD, was Contracting Officer. The report was written by Ronald 

I. Caplan, Assistant Research Scientist. The following New York Ocean 

Science Laboratory personnel assisted in the study: Barbara Butler, Tullio 

Crow, CAPT Howard DeCastro, Gail Erskine, William Felix, Kim Larson, Bruce 

Mundy, Susan Perritt, and Ken Tighe. 

The study was conducted under the direction of the following EEL 

personnel: Dr. R. M. Engler, Environmental Impacts and Criteria Development, 

Project Manager, and J. R. Reese, Site Manager. The contract was managed 

by J. R. Reese, Environmental Monitoring and Assessment Branch at EEL under 

the supervision of Mr. R. C. Solomon, Branch Chief, and Dr. C. J. Kirby, 

Chief, Environmental Resources Division, EEL. The study was under the 

general supervision of Dr. John Harrison, Chief, EEL. The Commanders and 

Directors of WES during the study and preparation of this report were COL 

G. H. Hilt, CE, and COL J. L. Cannon, CE. Technical Director was Mr. F. R. 

Brown. 
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Multiply BY 

miles (U. S. statute) 1.609344 

quarts (U. S. liquid) 0.0009463 

To Obtain 

kilometers 

cubic meters 
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AQUATIC DISPOSAL FIELD INVESTIGATIONS 

EATONS NECK DISPOSAL SITE, LONG ISLAND SOUND 

APPENDIX E: PREDISPOSAL BASELINE CONDITIONS 

OF ZOOPLANKTON ASSEMBLAGES 

PART I: INTRODUCTION 

Background 

1. The primary objective of this study was to provide the Corps of 

Engineers with baseline data in a region of potential impact due 

to the introduction of dredged material. In order to complete 

this task, the following question was asked as a framework for 

this study: 

What is the distribution and abundance of zooplankton 

and ichthyoplankton at the Eatons Neck Disposal Site 

as compared to the control region? 

Data Base 

2. The aim of the study was to provide a precise estimate of the 

distribution and abundance of zooplankton and ichthyoplankton: 

adult copepods (the major holoplanktonic component of the region); 

larval invertebrates (the major group determining recruitment with 

which to estimate the future of benthic populations); and ichthyo- 

plankton (fish eggs and larvae). The exact depth distribution of 
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these three biological components W,SS of less importance than the 

variation associated with determinations of their absolute abund- 

ance on a seasonal and annual basis. The variation of abundance 

is necessary and sufficient for esixblishing a baseline to which 

comparisons can be made during and subsequent to disposal operations. 

3. This report includes data and preliminary analysis of samples 

collected from October 1974 through June 1975. The data are ex- 

pressed as standing crop (number of individuals/1000 m3) and 

percent standing crop (copepod fraction only). 

4. A data base has a number of components, each of which is associated 

with the distribution and abundance of a natural population or sub- 

set of a population, e.g., egg, larvae, adult. The distribution of 

a population, which in this case is a biological population or group 

of actually interbreeding individuals, can be expressed in a number 

of dimensions including time and sp;sce but is not limited to these. 

The chemical and/or physical characteristics of the time and space 

set may be considered as subsets of the system or may define other 

sets of a distributional pattern. 'The form of the distributional 

pattern may be represented graphically or mathematically. Its 

utility, irrespective of form, lies in an understanding and potential 

prediction of similar patterns in adjacent regions and at a future 

date. The exact form of the present distributional patterns relate 

to the time series data of the majo,r data set defined by space, i.e., 

location of stations and concomitant densities (i//l000 III~ or #/liter). 
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Such distributional patterns presented in this manner describe the 

dimensions within which the data can be expected, with defined pro- 

babilities, to vary in a time and space set. The magnitude of the 

natural variations observed are, however, best characterized by 

patterns of numerical abundance. 

Vertebrate and Invertebrate Taxa 

5. Taxonomic divisions. The zooplankton can be further divided into 

holoplankton, ichthyoplankton, and invertebrate meroplankton. 

6. Meroplankton and Ichthyoplankton. Meroplankton are the planktonic 

larval stages of organisms that spend a portion of their life cycle 

as nonplankton, i.e., benthic. This component includes eggs and 

larvae of both vertebrate and invertebrate taxa; the teleostean mero- 

plankton are termed ichthyoplankton. The ichthyoplankton are repre- 

sentative of both the pelagic and benthic fish populations. They are 

the resource from which the adult populations must draw in order to 

sustain future populations. The ichthyoplankton portion of the Long 

Island Sound (LIS) waters represents a major component of the biolo- 

gical community susceptible to the potential impact by the proposed 

disposal of dredged material. The second component of the meroplankton 

considered here is that dealing with the invertebrate fraction; the 

larval forms are most germane as they, like their vertebrate counter- 

parts, are an indication of the avai.lable resources for colonization 

and maintenance of benthic populations. 

7. Holoplankton. The component, termed the holoplankton, does not appear to 
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have a direct link to the benthic populations. However, it also 

may be potentially adversely affected by dredged material in that 

its eggs are in the sediments.1 This group provides all life stages 

of the plankton (eggs, larvae, and adult) and represents a possible 

indicator of the capacity of the physical/chemical environment to 

support its populations. The major taxon in LIS is the Copepoda, 

representing at least 90 percent of the biomass of all zooplankton. 2 

Other crustacean groups are also Important components of the holo- 

plankton, e.g., Mysidacea and Cladocera, Chaetognatha, Coelenterata 

(medusae), and Ctenophora also occur in Sound holoplankton. 

a. The importance of the holoplankton as baseline components lies in 

their value in the assessment and prediction of changes in the 

physical/chemical environment. Most of the important Indicator 

species found in the Sound are members of the holoplankton. They > 

like the abundance data, characterize the levels of production in 

the Sound and indicate the influence of both internal and external 

components of the total biota. Consequently, although they do not 

contribute to the recruitment of benthic populations, they do define, 

better than the meroplankton, those conditions which are responsible 

for the success or failure of meroplankton components. These com- 

ponents are indeed interrelated in terms which define the data base 

for the Sound generally and for the benthic portions of the Sound 

specifically. The importance of zooplankton in cycling nutrients and 

energy to benthic populations, though documented, will not be con- 
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sidered in the present report. 

Previous Invest,igations 

9. LIS investigations began with Deevey* (zooplankton) and Richards3 

@chthyoplankton). The periods of observation and distribution of 

studies are indicated in Table El. All components of the zoo- 

planktonlichthyoplankton are indicated therein. The next study 

was that of Caplan and Pastalove. 4 This 1971 investigation in- 

cluded only two periods, April and August, and further differed 

from all previous work in that a pumping system was used to collect 

plankton - the first time such a system was used in LIS. That same 

Year, the National Marine Fisheries Service investigated the waters 

around Davids Island, N.Y.5 This investigation included newton as 

well as water column p1ankton.l Ichthyoplankton were not analyzed 

and remain to be analyzed. The coverage of this study included other 

parts of LIS as well as the Davids Island region located in the 

extreme western portion of the sound. 

10. From January 1973 through June 1974, a study of LIS plankton was 

carried out under the direction of Dr. H. Austin (Shoreham) and 

Dr. R. Nuzzi (Jamesport). (The zooplankton portion has been reported 

elsewhere [References 6-81). This investigation was located at the 

proposed sites of the Long Island Lighting Company's two nuclear 

generating facilities at Mattituck and Shoreham, L.I. (Table El). 

Both ichthyoplankton and zooplankton were investigated. 
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PART II: METHODS 

11. The present investigation at Eatons Neck (EN) was begun in October 

1974 (Table EZ). Stations were established at several sites within 

the old disposal ground that was enlarged at the request of State 

and Federal agencies. The region is approximately 2 miles square* 

(Figure El and E2). The frequency of sampling was approximately 

monthly (Table E2). Stations were changed as marker buoys became 

available to facilitate sanipling at the same spot each month. 

Station ENA was sampled during the last three cruises to provide a 

wider pattern of samples. Station locations are indicated in Table 

E3 and Figure E2. Station field routine was as follows: 

c A 60-cm-diameter bongo frame with 202-p and 363-u mesh nets 

(net length/opening ratio 5:l) and equiped with flow meters 

mounted 1 within each net and 1 externally between the nets. 

The nets were towed at the surface and middepth for 5-10 min 

in a circular pattern around a buoy and middepth drogue. 

Sightings utilizing a hand-held compass (Model 2030) were 

taken on the drogue array to determine the drift of water 

during the sampling. A surface drogue was deployed at the 

same time as the middepth drogue. Each drogue was composed 

of a current cross at the correct depth. The drogue study 

representation was that of a Lagrangian format whereas the 

buoy format represented an Eulerian format. The purpose of 

the drogue-buoy format was to determine the time relationships 

* A table for converting U.S. customary units to metric (SI) can be found 
on page 7. 
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STATION LOCATIONS 
i / \ 1. i 

Figure Ei. Study site of Eatons Neck disposal area 



between fixed and moving-point planktonic distributional 

patterns, Eulerian vs. Lagrangian reference frame. 

L Samples obtained in this manner were taken from washed nets 

and placed into quart jars to which were added sufficient 25 

percent formalin to bring solution to 4 percent formalin, 

buffered (Sodium acetate) formalin (pH 7.2), and a station 

label utilizing the standard MARMAP Survey I Manual format.15 

Concomitant physical and chemical measurements were made with 

each sample. Hydrocasts included multidepth Nisken bottles 

(two depths), BT profiling, surface temperature, and salinity 

measurements. Salinity snmples were analyzed by the Chemistry 

Department at the New York Ocean Science Laboratory (NYOSL) 

utilizing an inductive salinometer with a precision of + - 

0.001"/,, . Temperature data on BT casts have a precision of 

+ 1°C whereas the Bucket Thermometer (surface water temperature 

only) has a similar precision. 

12. The samples were then returned to NYOSL for biomass, displacement volume, 

species composition, and population analysis. Samples brought into the 

laboratory were first split into workable aliquots utilizing a Folsom 

plankton splitter.16 These aliquots were then used to measure 

biomass (displacement volume or dry weight); one aliquot was examined 

for fish eggs and larvae and then enumerated in terms of other in- 

vertebrate/vertebrate taxa, life history stage, and extraneous 
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material (tar, debris, etc.). The National Marine Fisheries MABMAP 

Survey Manual I 15 has also been used as it relates to the ichthyo- 

plankton sorting, identification, and enumeration. 

13. Ichthyoplankton, eggs, and larvae 'were picked from the aliquots, 

counted,and placed in labeled vials. The eggs, at least 100 per 

sample, were then identified utilizing total diameter and oil droplet 

numbers and diameters. All of the invertebrate zooplankton, exclu- 

sive of copepods, were then counted. To determine the copepod density 

the sample was placed in a beaker and the volume brought to a constant 

volume, 100 or 200 milliliters, Five-milliliter aliquots were then 

removed with a stempel pipette. Sufficient 5-m.@, stempel pipette 

volumes were counted to provide at least 400 individuals for each 

SXllPl-62. Each stempel pipette volu:me withdrawn from the aliquot was 

counted completely utilizing a gla,ss petri dish with l-centimeter 

grid. The samples were analyzed with a dissecting microscope at a 

power of 15x. The eye pieces of the dissecting microscopes were 

equipped with ocular micrometers to permit measurements of copepods 

and thereby facilitate species identification. 

14. Biomass determinations were made o'n aliquots by drying the samples 

in weighted pans. The samples were dried in an oven for 3 hours at 

a temperature of 70°c. Weighings were done on a Mettler balance 

(Model HZOT) with a precision of +O.l mg. Ash-free dry weight deter- 

minations were made by taking a subsample of the biomass and placing 

it in a preweighed crucible. The crucible was then placed in a 
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muffle furnace for 2 hours at a temperature of 500°C. The crucible 

was removed and cooled in a desiccator for 4 hours and then weighed 

on a Mettler balance (Model HZOT) with a precision of 20.1 mg. 

15. The station codes used in this report include a three-part code as 

follows: 

a. The first part indicates the station (see Figure EZ), 

e.g., EN1, ENA, ENCONT. 

& The second part indicates the mesh of the net used, 

e.g., 363~ or 202~. 

c. The third part of the code indicates the depth of the 

sample where A=surface, B=middepth, and C=bottom. The 

type of station (buoy or drogue) is indicated with the 

numeral 1 for buoy and 2 fo.r drogue. 

The appropriate code for the tow around a buoy of a surface sample 

taken at station ENA with the 363~ net would be ENA-363-lA, whereas 

the two around a drogue of a bottom sample taken with the 2021.1 net 

at the control station was designated as ENCONT-202-2C. The only 

replicate tows made during this study were done during the December 

cruise. At that time only the surface samples were replicated, in- 

dicated by a 1 or 2 preceeding the sample depth, e.g., A only. The 

subsurface tows were not replicated. 

16. Sampling at the Eatons Neck Disposal. Site began on 30 October 1974. 

During this first cruise only 363~ mesh nets were available and 

therefore all the samples were collected with this type of gear. The 
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water, as would be expected for this time of the year, was full of 

ctenophores - gelatinous organisms which extensively clog the net 

and make determination of biomass and standing crop (density) diffi- 

cult to assess. It was found that two methods could be employed to 

substantially reduce the quantity of ctenophores both obtained in 

the nets and retained in the fixed samples. Subsurface tows yielded 

a lower ctenophore fraction than surface tows; therefore, this 

strategy was employed during the October monthly cruise. 

1'7 . Further, once a sample was brought on board, it was placed in a bucket 

to which was added a small quantity of formalin (25 percent buffered). 

After 5 min the bucket was decanted and the ctenophore fraction (which 

remained at the top) was separated from the fraction containing 

copepods and larval invertebrates (located on the bottom). 

18. Only two stations were sampled in October, EN1 and EN2 (Figure EZ). 

Eleven of the 18 samples were retained for analysis with the remain- 

ing 7 samples being discarded due to the preponderance of ctenophores 

in spite of the preventive methods described above. 

19. Zooplankton sampling at Eatons Neck in November was not hampered by 

the presence of ctenophores; consequently, larger quantities of 

material were obtained. This period marked the first diurnal sampling 

program at the disposal site. A diurnal sampling program is usually 

divided into two components, a spatial regime and a diurnal regime. 

The spatial regime is designed to establish the spatial pattern in 

the area of interest before the diurnal sampling begins. This spatial 
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sampling program is carried out as quickly as possible to determine 

synoptically a baseline for the subsequent diurnal sampling. 

20. In November, two samples (middepth and bottom) were taken at three 

stations: EN1 and EN2 (disposal site) and EN3 (control site). Mid- 

depth and bottom depths were sampled since the zooplankton were 

concentrated at these levels during the time of sampling. 

21. The monthly cruise in December required 2 days due to weather and 

vessel problems. During the first day (13 December 1974), Suffolk 

County Marine Division boat BRAVO assisted in the sampling of stations 

at Buoy B and Control Buoy EN3. Only surface tows were made during 

this cruise. Each surface tow consisted of pulling two 20211 mesh 

nets side by side. 

22. The subsurface samples were obtained several days later (18 December 

1974). Due to the time difference in the collection of the samples 

for this month, exact comparisons of differences in spatial patterns 

are not possible. HOWVer, the overall pattern of distribution can 

be interpreted in terms of the types and relative abundance of the 

organisms observed. During this cruise, the two types of nets (2021.1 

mesh and 365~ mesh) were used for the first time enabling internet 

comparisons as these relate to the catchability of each net type. 

23. Density values are presented as mean number of organisms/1000 m3 + 

one standard deviation or + the coefficient of variation (CV) in 

percent. This expresses the percent variation as a function of the 

mean. The number of samples which was used to determine the mean is 
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indicated by the letter N. No statistical tests were run to 

quantify the differences in densities, therefore all statements 

relating to densities which are "higher" or "lower" are qualitative 

but usually reflect major differences in densities, e.g., greater 

than one order of magnitude. This was done because of the high 

variability of data and lack of replicate samples. 

PART 111: RESULTS 

Winter Period* 

October monthly cruise 

24. Zooplankton. During this month, six species of adult copepods were 

collected. The percent standing crop of the dominant species, 

Acartia tonsa, averaged 97 + 6.51 percent (N=4) for the surface tows; - 

98.46 + 4 percent for the middeptb tows; and 85 + 36 percent (N=4) 

for the bottom tows. The average standing crop for this species at 

all depths was higher at EN1 (196 x lo3 + 103/1000 m3; N=4) than at 

EN2 (34 x lo3 + 26 x 103/1000 m3; N=4)(Table E4). These observed 

densities at EN1 and EN2 are similar and lower than those reported 

for this species at Shoreham (195 x 103/1000 m3) in 19747, respectively. 

25. The remaining five species of adult copepods comprised less than 9 

percent of the standing crop at both stations. This group included 

(in order of decreasing numerical abundance) Pseudodiaptomus coronatus, 

Labidocera aestiva, Remora Zongiccwnis, Pseudocalanus minutus, and 

Acartia clausii. The only evidence of vertical stratification in 

this group was found for Pseudodiaptomus coronatus, which predominately 

* Winter period = 30 October 74 - 31 December 74. 
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occurred in middepth and bottom tows at both EN1 and EN2. 

26. Relatively few noncopepod zooplankters were obtained in October 

1974 (Table E5). The dominant adult form (holoplankton) was the 

mysid, Neornysis americana, which occurred in greatest numbers at 

middepths and along the bottom at EN1 (>100/1000 m3). At EN2, 

the densities were low throughout the water column on the average 

(>100/1000 m3). The presence of this species in October was re- 

ported for Shoreham in 19737 and represents the expected seasonal 

occurrence of mysids at depths during the day.6y7 No other adult 

eooplankter (noncopepod) was obtained in October 1974. 

27. The occurrence of invertebrate meroplankton was infrequent during 

the October sampling. However, there were some individuals present 

in the following groups: crab larvae, shrimp larvae, Polychaeta 

larvae, and molluscan larvae (veligers). 

28. Ichthyoplankton. No fish larvae were collected and only 1 species 

of eggs, Scophthalnms uquosus, during this period. 

November spatial and diurnal cruise - 

29. Zooplankton. The spatial pattern indicated a high concentration of 

Acartia tonsa at all stations (ENl, EN2, and EN3), with an average 

percent standing crop of 97 + 6 percent (N=7) and an average density 

of 6.5 x lo3 2 5.7 x 103/1000 m3 (N=7)(Table E4). Other species pre- 

sent were Pseudodiaptomus coronatus and Labidocera acstiva - each 

representing less than 3 percent o,E the total number of copepods 

sampled. 

-22- 



30. As was the case in October, the m:ysid Neomysis americana was the 

dominant noncopepod zooplanker pr'esent at Eatons Neck Disposal 

Site. The presence of substantial numbers of neligers (larval molluscs) 

indicated a change in the meroplankton from that observed in October 

1974 (Table E5), whereas there appears to be a decrease in shrimp larvae. 

31. The diurnal sampling program (not tabulated) began at 1900 hr on 

19 November 1974. The pattern of depth distribution and abundance was 

similar to that indicated by the zspatial pattern in terms of adult 

copepods. Acartia tonsa was the (dominant copepod throughout the water 

column during the entire diurnal period of study (14 hr). Further, 

Pseudodiaptoms coronatus and Labidocera aestiva were also present. 

This pattern is similar to the expected pattern as indicated by 

previous diurnals in LIS. 6 

32. The pattern for larval invertebrates and other zooplankton (not 

tabulated) was similar to the pattern observed during the spatial 

portion of this study with mysids comprising the dominant form present 

throughout the water column. Veligers were the most numerous larval 

form during the diurnal with maximum surface densities at midnight 

(2300 hr) and concomitant maximum middepth densities at dusk (1900 hr) 

and dawn (0700 hr). This pattern indicates that the highest veliger 

densities vary diurnally. Consequently, sampling for this form should 

concentrate at middepths during the day or at the surface at night. 

33. Ichthyoplankton. No fish eggs and larvae were collected during this 

period. 
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December monthly cruise 

34. Zooplankton (copepods). The overall pattern of abundance at the 

surface was similar to the distribution observed in November (Table 

E4). Acartia tonsa was the dominant copepod, comprising more than 

90 percent of the percent standing crop. In five of the nine samples 

in which both adults and copepodites were present, the copepodid 

stage was more abundant. This indicates a substantial recruitment 

of larval copepods. The next most numerous species at this time 

was Paracalanus sp., a small copepod (less than 1 mm), which was 

obtained in the smaller mesh net only. 

35. Finally, several species were present that were found during the two 

previous months including (in order of largest percent standing crop) 

Pseudodiaptoms coronatus (1 percent), Temora Zongicormis (1 percent), 

and Centropages sp. (~1 percent). 

36. Zooplankton (noncopepod fraction). The neroplankton component was 

dominated by polychaete larvae (Table E5). This group was present 

both as late larvae and trochophores, or early larvae. The trochophore 

stage is also present in other invertebrate phyla, e.g., Mollusca, 

and cannot be considered only as larval polychaetes. Larval poly- 

chaetes were more prevalent at the surface and at the disposal site 

than at depth or control stations. 

37. Veligers were also present in December (Table E5). They were more 

common in surface samples than deep samples. 
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38. Crustacea and shrimp larvae, though present, were very rare. when 

present, however, they were more wEten obtained at the surface in 

the disposal site region (Table E5:). The only other larval form 

present were the nauplii of barnacles. They were not found in the 

subsurface tows or at the control :stations. 

39. Mysids were the only holoplanktonic (noncopepod) form found during 

December 1974. They were present at substantially larger numbers at 

the disposal stations as compared with the control station. Further, 

they were less common at the surface than at depth (Table E5). 

40. The present set of samples for October, November, and December 1974 

indicate a pattern of distribution and abundance for both copepod 

and noncopepod fractions which is similar to that reported by Dewey' 

and Austin and Ca~lan.~' 8 

41. Ichthyoplankton. Small quantities of 1 species of fish larvae 

Amodytes hexapterus and the eggs of ScophthaZmus aquosus were 

collected during the December cruise. 

Spring Period* 

42. This period as well as the previous one is defined in terms of the 

amount of plankton (nonichthyoplankton) in the water. The ichthyo- 

plankton seasons are discussed later. The relatively warm surface 

water temperatures encountered during December 1974 @7.O"C) were 

substantially reduced in January to 3.5"C and reached a seasonal low 

in February of 2°C. During the March monthly cruise (1 April 1975), 

the surface water temperature had increased to 4.0°C. 

* Spring period = 1 January 75 - 1 April 75. 
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January monthly cruise 

43. Zooplankton. The copepod fraction of the plankton community in January 

consisted of three species, the dminant being Acartia tonsa, which 

was present at all stations and depths at an average of 58 percent 

standing crop (Table E4). The densities of this species were as high 

as was reported for December 1975,, The density was over 106/1000 m3 

at mcmt of the stations. The second major species was Temora Zongi- 

cornis, which averaged 34 percent of the total adult copepods observed 

in January. Approximate equal numbers of T. Zongicomis were found 

at the disposal and control sites (Table E4). There were, however, 

greater numbers of this species at depth. The third major species was 

Acartia cZausii which averaged 5 percent of the total adult populations. 

44. The dominant meroplankton were shrimp larvae and barnacle nauplii 

(Table E5). The shrimp larvae were more common at depth and at the 

control site. The barnacle larvae were cmnmcm throughout the water 

column and tended to be mre common at the control site (Table E5). 

45. There was a decrease in the occurrence of both polychaete and gastropod 

larvae. Although the densities were similar to those found in December, 

they were present at only half the stations (Table E5). These groups, 

like the barnacle nauplii were more ccmmn at the control stations. 

No crab larvae were collected in January. 

46. Ichthyoplankton. No fish eggs were collected during the January 

monthly cruise. 
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February monthly cruise 

47. Zooplankton. Acartia tonsa was the dominant copepod during February 

(Table E4), although its average percent composition was reduced to 

40 percent (a decrease of 18 percent). The second most numerous 

copepod was Temora longicornis. Its percent composition increased 

slightly from 34 to 39 percent. The most dramatic change was in the 

percent composition of Acartia clausii, which increased from 5 percent 

in January to 16 percent in February. A. chmsii is the major component 

in the cold-water or spring community in LIS.' 

48. The most common larvae present during this month were the larval 

stages of barnacles (Table E5). Both nauplii and cyprids were present, 

although the nauplii were present in higher numbers. These larvae 

were not stratified and occurred in both surface and middepth samples. 

49. Polychaete larvae were relatively infrequent; they were found in only 

five of the twenty-one samples (Tab~le E5). There appeared to be a 

higher concentration of these larvae in the disposal site than in 

the control site; they were evenly dispersed in the water column 

(Table E5). 

50. Veligers and shrimp larvae were also not common in February, both 

groups being obtained only in midde.pth and bottom samples. The 

occurrence of veligers was about the same at both sites, whereas 

shrimp larvae were found at the disposal site exclusively. 

51. Three holoplankton groups were obtained in February: Chaetognatha, 

Cladocera, and Mysida. The Chaetognatha and Mysida were more common 
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in subsurface samples, whereas the Cladocera were present throughout 

the water column. Mysida and Cladocera occurred in approximately 

equal numbers at both sites. Chaetognatha were more common at the 

disposal site, however. 

52. Ichthyoplankton. The only fish eggs obtained this month were those 

of the fourbearded rockling, Enche%yopus cimbrius (Table E6). The 

eggs of this species were found at all stations and depths. The 

average number of eggs was 475 + 1264/1000 m3 (CV = 2.65)(N=18). 

Fish larvae obtained during this cruise included two species: the 

sculpin, Myomcephalus spp., and the Pacific sand lance, Ammodytes 

hempterus (Table E6). The former was predominant at the control station, 

whereas the latter was found at all stations. The average number of 

fish larvae was 50.33 5 56.11/1000 m3 (CV = l.ll)(N=U). 

March monthly cruise 

53. The month of March was difficult to work in due to poor weather condi- 

tions. The monthly cruise took place on 1 April 1975. 

54. Zooplankton. The March pattern of copepods was typical of LIS in the 

spring. 2 The dominant species was Acartia clausii. It represented 

57 percent of the total copepods obtained (Table E4). Copepodids were 

the second most common group with an average percent composition of 

about 20 + 5 percent (N=ZO). 

55. T'emora Zongicornis and Acartia tonsa decreased in abundance during 

March. The average percent per sample of T. Zongicornis was 19 + 6 - 

percent (N=ZO), a decrease of 20 percent in one month. Acartia tonsa 
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comprised only 3 percent of the total copepods collected during March. 

There was a 20 percent decrease in the total number of copepods per 

sample from February to March. The average number of copepods per 

1000 In3 was 4.5 x 10~ + 3 x 10~ (N=ZO) and 3.5 x 106 t 2 x 106 copepods 

per 1000 to3 (N=20) for February and March, respectively. 

56. The meroplankton were dominated by barnacle larvae as all samples 

except one contained this larval type (Table E5). Polychaete larvae 

occurred in equal quantities at all depths and at both control and 

disposal sites. 

57. Shrimp larvae occurred slightly more frequently than the bivalve 

veligers during March. They were concentrated in subsurface samples 

and were generally more canmon at the control station (Table E5). The 

bivalve veligers were present throughout the water column. There was 

no apparent difference in average occurrence between control and disposal 

site samples for this group. 

58. Finally, holoplankters included Chaetognatha and Cladocera. Both 

groups were found in most of the samples. They were equally common 

at control and disposal sites. The Chaetognatha were concentrated 

in subsurface samples whereas the Cladocera were present throughout 

the water column (Table E5). Chaetognatha and Cladocera densities 

like copepod densities were lower in March than in February. 

59. The observed quarterly pattern indicates a number of departures from 

that indicated by previous investigations. 2,7,17 
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a. The /lcartia cZausi< bloom occurred later (February-March) 

than previously reported. 

k Acartia tonsa was dominant in the plankton almost 2 months 

longer than previously reported. 

c- Larval polychaetes and veligers appear to be more ccmmn 

than in previous years. 

d. Cladocera, normally a summer group, have been found in the 

winter samples. 

60. Ichthyoplankton. In March, the only fish eggs obtained were those 

of the fourbearded rockling, EncheZ~qms cimbrius. They were found 

at all stations and depths at densities of 2757 + 639/1000 m3 (N=25) 

(CV = 0.23)(Table E6). Three species of fish larvae were found during 

this period: the winter flounder, E’seudopleuronectes americanus; the 

sculpin, Myosocephalus spp.; and the Pacific sand lance, Amodytes 

hecapterus. The flounder was present at all stations and depths, 

whereas the sculpin was cmnmn only at station END and the sand lance 

at station ENB (Table E6). The average density of fish larvae was 

272 + 281/1000 xn3 (N=25)(CV = 1.03). 

April monthly cruise 

61. During the April cruise on 28 April, the water column was still verti- 

cally mixed; the surface-to-bottom difference was about 1°C. The 

water was thermally stratified, however, during the next two monthly 

cruises: the mean temperature gradient was 7°C in May and 5°C in 

June. The surface temperature was approximately 10°C higher in May 
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and June (17'C) than in April (7'C). This general increase in 

temperature corresponded with the increase in the numbers of plank- 

ters. 

62. Zooplankton. The copepod fraction was dominated by Acartia cZausii. 

It comprised 87 percent of the standing crop for surface samples and 

39 percent for middepth samples in the disposal site (Table E4). 

These percentages were slightly lower at the control station with the 

surface and middepth standing crop being 34 percent. Temora Zongicornis 

was the second most ccmmon adult copepod, both at the disposal site 

and control station. Its densities were always higher in the sub- 

surface samples. However, Acartia ~lausii was usually more abundant 

in this middepth sample than Temora Zongicornis (Table E4). The 

third most cmnmn adult copepod was Pseudo&iaptomus coronatus. Its 

maximum densities occurred in subsurface samples. The abundance of 

this species in these samples was about l/10 that of Temora ~ongicornis. 

63. Of the larval copepods collected, Aaartia spp. copepodids were the 

most numerO"s and represented more than 90 percent of all larval 

copepods collected (Table E4). These copepodids accounted for approxi- 

mately 30 percent of all the copepods collected in April, adults and 

juveniles. However, they appeared to be equally abundant in surface 

and middepth samples (Table E4). Their densities were slightly higher 

in April than in March, an indication of potential increase in adult 

densities in May. Temora sp. copepodids were also collected. Their 
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abundance was highest in subsurfac'e samples, a pattern similar to 

the adult distribution. 

64. The April zooplankton contained larval polychaetes and mollusks. The 

most common larval form was barnacle nauplii which was more prevalent 

in surface samples than at depth ('Table E5). Gastropod larvae were 

found at the disposal site only and primarily at station ENDSA. Here 

they appeared to be equally distri'buted throughout the water column 

(Table E5). 

65. Larval crustaceans, both crabs (Brachyura) and shrimp (Caridea), were 

obtained in subsurface samples at 'both experimental and control 

stations. The observed densities represent an increase of the stand- 

ing crop for these larvae. 

66. The dominant noncopepod holoplankton present in April was a hydro- 

medusae. It was common but not present in large numbers (less than 

lOOO/lOOO m3)(Table E5). Cladocera were also present during April. 

Of the two spekies occurring, Euadne sp. was the more numerous and 

was taken at both surface and subsurface stations. Podon Zeucartia, 

when present, was found only in subsurface samples (Table E5). The 

apparent separation of these two similar species suggests a possible 

depth separation for their populations. 

67. Ichthyoplankton. Three species of fish eggs were found during the 

April cruise (Table E6). The most common species was Enchelyopus 

cimbrius . It was present at all stations in the disposal site as 

well as the control area and represented approximately 95 percent 
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of all eggs collected during this time. The second species, 

Scophthdmus aquosus, was present at the proposed disposal site 

and the control site only. Finally, Scomber scombrus was found 

at the proposed disposal site but not any other station. The 

average density of fish eggs during this monthly was 5385 + 4645 

eggs/1000 m3 (N=29)(CV = 0.86). 

68. Four species of fish larvae were obtained in April (Table E6); the 

most common species was E. cimbriu:;, which was present at the dis- 

posal area and the control area and represented approximately 93 

percent of all the larvae collected during April. Other species 

present were Myozoce@aLus spp., Ammodytes americanus, and 

Pseudopteuronectes americanus. These three larval forms were pre- 

dominant at the control site and their densities averaged less 

than 50/1000 m3. The average number of larvae during April was 

992 + 2766/1000 rn3 (N=29)(CV = 2.78). 

May monthly cruise 

69. Zooplankton. The copepod pattern :Eor May indicates substantial 

numbers of Acartia cZausii at all wrface stations (Table E4). The 

densities were higher than those observed in April. A. chxsii 

averaged 93 + 16 percent (N=lZ) of the standing crop at surface 

stations compared to 89 2 10 percent (N=15) of the standing crop 

at surface stations the previous month. The density increase in 

May occurred in subsurface samples as well. 

70. T. tongicornis was the second most common adult copepod in May. 

Its densities averaged 50 + 15 percent (N=ll) of the standing crop 
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in subsurface samples. PseudocaZanus minutus was the third most 

common adult present during this time period. Like T. Zongicornis 

its densities increased in subsurfxe samples. The sample also 

contained Centropages spp. and Paraeahnus spp. Pseudodiaptomus 

coronatus was less common than in the April samples (Table E4). 

71. Three groups of copepodids were prment in May: Acartia spp., 

Temora Zongicomis,and PseudocaZanu.s minutus (Table E4). The 

Acartia copepodids were mo.st numereus, averaging 27 + 10 percent 

(N=12) of the total standing crop at surface stations (adults and 

copepodids) and 20.9 + 15 percent (N=ll) of the total standing 

crop at subsurface stations. T. longicornis were the second most 

common juveniles. Their densities, like the adult counterpart, 

were greatest in subsurface samples. In the surface samples, the 

copepodids were more numerous than the adult distribution, indicating 

a more homogeneous distribution of ,juvenile forms. The copepodids 

of Pseudocatanus minutus were found in very few samples as compared 

with the other species. They were present in subsurface samples 

only and never in densities greater than the adults of other species. 

72. The meroplankton pattern observed in May was similar to that reported 

in April but differed in that highw densities for all types were 

observed. The most numerous meroplankters were the crustacean 

larvae, crab (Brachyura), and shrimp (Caridea)(Table E5). Densities 

of these forms were at least an order of magnitude greater in May 

than in April, thus indicating the bloom of these larval forms in 
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the water column both at the disposal site and control areas. 

Larval gastropods and larval bivalves were also present. The 

latter pattern represented the first occurrence of larval bivalves 

in this study. 

73. The pattern of holoplankton distribution in May was similar to that 

observed in April. Cladocera were present in large numbers at least 

an order of magnitude greater than in April further indicating the 

bloom of this form as well. Podon spp. was more numerous than 

EVadnc spp. throughout this period of study (Table E5), a pattern 

which is indicative of LIS waters :in June. 7 

74. Ichthyoplankton. All the samples taken during May contained large 

numbers of both fish eggs and larvae with densities at least an order 

of magnitude greater than those ob:;erved in the previous month (Table 

E6). There were approximately sewn to ten species of fish eggs and 

five to nine species of fish larvae present during this time includ- 

'ing those species listed above. 

75. The predominant fish eggs were of the following species (in order of 

decreasing abundance: mackerel, Scomber scom&ws; weakfish, C'ynoscion 

regalis; cunner, Tautogolabrus ad~persu~; blackfish, !Z?mtoga onitis; 

menhaden, Brevoortia tyrannus; windowpane flounder, Scophthalmus 

aquosus ; fourbearded rockling, EncheZyopus cimbrius; smallmouth 

flounder, Etropus microstomus; and scup, Stenotomus chrysops.~ These 

species of eggs were found at all stations with an average density 

of 371,128 + 351,198/1000 m3 (N=23)(CV = .94). 
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76. A similar pattern of fish larvae was obtained including the same 

species listed above in terms of overall abundance. The average 

number of larvae was 128,460 + 254,553/1000 m3 (N=23)(CV = 1.91). 

May diurnal cruise 

77. Zooplankton. The diurnal samples were taken at station ENDSA (pri- 

mary disposal site) for a period of four tidal cycles (24 hours). 

The results (Tables E7 and E8) of the diurnal study shown are 

summarized below: 

a. !I'. Zongicornis densities increased at the surface at night 

and reached a maximum in the early morning, indicating some 

vertical migration. 

&A. clausii did not appear to migrate vertically. 

J& c. minutus, thought common at middepth, migrated to the 

surface in small numbers at night. 

& Copepodids of Acartia spp. and T. longicornis did not 

appear to migrate verticall:y. 

e- The increase in adult P. coronatus at depths during the 

night may be due to vexation and not vertical migration 

from the surface. 

& Crustaceans, Podon spp. and Evadne spp., did not appear 

to migrate vertically at night. 

g, Invertebrate larvae (crustaceans, gastropods, and bivalves) 

did not appear to migrate vertically at night. 
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78. These patterns of vertical distribution are similar to those reported 

for LIS waters by a number of investigators. 2,4,6-8,18 

79. Ichthyoplankton. The pattern of ichthyoplankton abundance (Table E6) 

during this diurnal period indicates the following: 

" Fish eggs of all species reported were numerous in surface 

samples only. 

L Migration of fish larvae was noted for S. scombrus and 

B. tyrannus in that surface densities for these two species 

were greatest during the night (Table E6). 

80. The average number of fish eggs present in the water column during 

the May diurnal cruise was (1.9 2 5.3) x 10g/lOOO rn3 (N=16)(CV = 2.73). 

the average number of fish larvae in the water column was (.98 t 3.9) 

x iog/iooo m3 (N=~~)(cv - 3.99). 

June monthly cruise 

81. Zooplankton. During this cruise, adult copepod densities were greatly 

increased over the previous month (Table E4). In May, the average 

surface density of A. cZausii was (8.3 + 5.4) x 106/1000 rn3 (N=lZ) 

whereas in June it was (29 2 25) x 106/1000 rn3 (N=lZ). Similar in- 

creases were observed for 2'. Zongicornis and P. minu-tus, although 

the absolute densities for these two species were approximately an 

order of magnitude less than A. cZausii. Copepodids were also numerous 

during this period, although most were Acartia spp. 

82. The copepod pattern observed in June was similar to previous investi- 

gations. 2,4,6-8,18 As in the previous 2 months, A. cZausii was the 
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dominant form in the water column. T. longicoYwis was cOllmOn only 

at middepth at both control and disposal site stations (Table E4). 

83. The meroplankton present during June followed a similar pattern 

described above for copepods. Crustacean larvae were an order of 

magnitude more dense in June than in May with the Brachyura (crab) 

three times as cmun~n as the Caridea (shrimp)(Table E5). This 

density pattern was exemplified in populations of Mollusca as well, 

including larval gastropods and bivalves. The bivalve larval 

abundance is particularly significant in that this abundance provides 

the stock by which adult populations are increased in the ensuing 

period. Finally, the numbers of CLadocera, Podon sp., and Evadne 

sp., decreased from the previous month's pattern (Table E5) in- 

dicating that a Cladocera bloom had ended by June, a pattern similar 

to that reported in previous work."p6-8 

84. Ichthyoplankton. Fish eggs and larvae collected during June monthly 

(Table E6) represented a pattern similar to that observed in May 

with the following exceptions: 

5 The most numerous fish eggs present belonged to the Anchoa 

mitchiZli. 

& Stenotomus chrysops and Brevoortia tyrannus were present 

in approximately equal quantities and are the second most 

abundant fish eggs. 

c. Two species, Brevoortia tyrannus and Scomber scombrus, - 

represented far more eggs than in the previous month. 
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& The first occurrence of butterfish eggs, PepriZus 

triacanthus, was noted. 

e. The pattern of fish larvae abundance was similar to that 

described for eggs in terms of the most dominant species 

present in the water column, the most numerous larvae 

being Anchoa mitchilli. 

85. The average number of fish eggs present in the water column was 123,78,3 

+ 74,829/1000 m3 (N=24)(CV = .60). The average namer of fish larvae 

present in the water column was 12,3,783 + 70,323/1000 rn3 (N=24) 

(CV = 1.65). In general this pattern of egg and larvae distribution 

has been reported by other investigators of LIS.3y11 

Biomass 

86. For the purpose of this study biomass (dry weight) includes mainly 

zooplankton, but some phytoplankton and detritus are present as well. 

HOWeVer, it is expected that at least 95 percent of the dry weight 

biomass is represented by the zoopLankton fraction.2,4,6-8 The bio- 

mass pattern for the entire study period is given in Figure E3. 

87. Low levels of biomass in October 1974 (Table E9) are indicative of 

LIS waters.2'6 There is both a relative decrease in biomass at this 

time due to the preponderance of Ctenophora (comb jellies) as well as 

an absolute decrease in the abundance of total zooplankton following 

the summer bloom. This typical fa:Ll pattern showed that zooplankton 

were found in the water in numbers greater than expected and that 

these zooplanktoners were present primarily in the lower portions of 
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the water column. Separation of the Ctenophora/Copepoda fractions 

utilizing methods previously described indicates this pattern. 

88. Increase in biomass throughout the winter (November 1974 through 

January 1975)(Tables ElO-13) are indicative of zooplankton blooms 

which apparently occur in LIS several weeks before the phytoplankton 

bloom.6.7,8 This pattern of zooplankton bloom in the Sound occurring 

before the classical phytoplankton bloom has taken place was first 

reported by Caplan and Austin. 6,* The mean biomass (water column) 

for this period increased from 2.51 t 2.26 mg/m3 (N=27)(November 

1974) to 44.07 + 37.09 mg/m3 (N=22)(January 1975). This increase in 

biomass was accompanied by a concomitant increase in species com- 

position (Copepoda) and density 6f total zooplankton. 

89. The spatial pattern of increase indicated that the disposal site 

stations had a higher biomass in December 1974 (30 mg/m3) than did 

the control station (5 mg/m3)(Figure E3). This is indicative of 

plankton distribution patterns in estuaries as influenced by tidal 

transport, the primary advective force in LIS.1' 

90. The general increase in biomass from February through June (Table E14) 

indicates that the typical spring bloom pattern occurred during this 

period. The levels of biomass, reaching a maximum mean of 149 + 132 

mglm3 (N=24) in June 1975, represent an increase over values for this 

period previously reported.6 

PART IV: DISCUSSION 

91. The pattern of zooplankton and ichthyoplankton distribution observed 
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during the 9 months of the present study is similar to patterns 

reported by previous authors.294.6 The se patterns can be discussed 

in terms of several time periods: diurnal, seasonal, and annual. 

For each time period, the following tam will be compared to pre- 

vious investigations: 

& Invertebrate holoplankton: Copepoda, Crustacea (Cladocera, 

Mysidacea, etc.), Chaetognatha, Ctenophora. 

& Invertebrate meroplankton: Crustacea (Brachyura and 

Caridea), Mollusca (Gastropoda and Bivalves), Polychaeta. 

5 Vertebrate meroplankton: Teleostei. 

Invertebrate Holoplankton 

Copepoda 

92. Migration patterns. The diurnal pattern of Copepoda during both 

November 1974 and May 1975 indicated that the species which migrate 

vertically to the surface at night have higher densities at depth 

during the day, e.g., Temora Longi~cmwis, PseudocaZanus minutus, 

and Pseud.odiaptomus co~onatus. Other species do not migrate, although 

their distribution with depth may 'be stratified with higher densities 

at the surface throughout a daily cycle (Acartia tonsa or Acartia 

ctausii) or at depth (Labidocera aestiva or Centropages typicus). 

&plan and Austin6 have reported the relationship between this type 

of distribution and concomitant ph:ysical/chemical parameters (tempera- 

ture and salinity). During the present study it did not appear that 

the distribution of migrating spec:ies was correlated with either 
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thermal or pycnalstratification. 

93. There appears to be a seasonal aspect to the propensity for a species 

to migrate. In 1974, Acartia c&,&i was observed to migrate to the 

surface at night during May at .Jame!;port, but did not migrate at 

night during February. This behavioral modification of vertical 

migration patterns is based on a number of factors, e.g., energy 

utilization, gamete production, and physiological adaptation to 

specific environmental conditions. All these factors characterize 

the adaptative strategies utilized by adult copepods to ensure re- 

productive success. The data which indicate that differential patterns 

in seasonal diurnal migration exists were first reported for Eatons 

Neck during the November 1975 diurnal cruise when it was noted that 

there was a preponderance of plankton (90 percent copepods by dry 

weight) at depth throughout the period of the cruise. There was no 

evidence of vertical migration to the surface at night as measured by 

the low surface densities of copepods (<lo4 individuals/1000 m3). 

This pattern was also reflected in biomass data which indicated that 

surface biomass was approximately one-fourth that at depth throughout 

the diurnal. 

94. Copepoda blooms. The implications of the preceding adaptive strategies 

in describing the distribution and abundance of invertebrate holo- 

plankton in a system like LIS are significant. They explain the 

patterns observed for over a ZO-yr period of studies (Table El) which 

relate to the following: 
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+ A shift in dominance of the winter species (Acartia cZausii, 

Temora tongicornis, and PseudocaZanus minutus) to the summer 

species (Acartia tonsa, Labidocera aestiva, and Oithom 

simiZis) as documented by a number of authors, specifically 

by Jeffries'l for East Coast estuaries and by Zimmerma.nz2 

and Johnson and Millerz3 for West Coast estuaries. 

k The apparent spontaneous appearance of large numbers of 

adult copepods in Long Island Sound is explained by the 

hatching and subsequent development of larval stages under 

the cueing temperature regimes. It is ecologically wise 

to remain eggs until the temperature conditions portend 

larval success (physiologically, but also nutritionally) 

i.e., certain temperature regimes correlate with high 

phytoplankton densities. 

95. The paradox in this approach is that for 2 yrs In a row there have 

been apparent blooms of copepods which have preceded the apparent 

phytoplankton blooms by as much as 6 to 8 weeks. Caplan and Austin6 

first reported a bloom of adult copepods for LIS waters under condi- 

tions of low phytoplankton densities (less than 1000 cells/liter) 

during the 1973 winter (November-December). A similar pattern was 

observed at Eatons Neck in the 1974 winter (Figures E4 and E6) with 

a similar pattern of low phytoplankton density (Tables El5 and E16). 

96. The number of observations is sufficient to reject the hypothesis 
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that overt sampling error has produced the pattern observed; the lack 

of sufficient samples in the winter is indeed the reason that this 

pattern was not reported previously. Dewey's sampling was much 

too restrictive to indicate a winter bloom, if one did occur- in 

1952-53.2 In general, sampling LIS plankton in the winter is usually 

not feasible; the lack of a pattern, therefore, may be due to omission. 

It is equally probable that the bloom was due to an increase in in- 

dividuals originating in the sound and stimulated by some increase 

in nannoplankton, a group not sampled effectively with a net with mesh 

greater than 1001~. 

97. A number of authors have indicated that Copepoda feed selectively in 

that they filter the most numerous food available. 1 Consequently, 

one would expect that if copepods were feeding on small particles 

(less than 100~ nannoplankton), that this might account for a bloom 

if it were accompanied by an increase in larval stages as well. This 

was the case at Eatons Neck where the use of smaller mesh nets (202)~ 

mesh) yielded samples containing large numbers of copepodids in the 

winter (Figure Eb). Further, the (change in distributional patterns 

associated with seasonal warming trends also indicated more plankton 

in the water column. 

98. The test is to obtain sediment samples and incubate them in the 

laboratory to confirm hatching of the copepodids. Further, nets with 

100~ mesh or less should be used to accurately assess the phytoplankton 

concentrations in LIS in the winter. In any case, the fact that 

copepods, which may originate from eggs in the sediment, are an 
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important source of planktonic food for fish and/or benthos requires 

that any change in sediment compos-ition be viewed carefully in terms 

of the potential impact of disposal. 

Other Crustacea. 

99. The Crustacea holoplankton were represented by both Cladocera and 

Mysidacea. The former is a typical late spring-summer resident of 

LIS waters, whereas the latter is more common in the winter. S~%BXl~l 

succession was noted for the two species of Cladocera (Figure E7, 

Podon sp. and Evadne sp., with the latter appearing first. 2,6 Podon 

sp. appeared from February through June 1975; whereas Evadne sp. was 

absent from the early May samples and appeared again the following 

month. Unlike the previously discussed group, Copepoda, this group 

appears to be an example of advected plankton. Temperature patterns 

also have been correlated to the distribution of Cladocera in terms 

of blooms and species succession. 6 

100. The Mysicadea are basically benthic crustaceans that are obtained in 

plankton tows during the night (surface samples) or throughout the 

day (bottom samples). They were common in the Shoreham/Jamesport 

study6 and should be considered an important planktonic group to moni- 

tor during and following disposal operations. As Pericarideans, they 

bear their young in pouches alongs:ide the female's carapace. The 

number of young/females can be used to characterize the reproductive 

success of the population and might be a valuable assay for deter- 

mining the potential impact of disposal. 
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Chaetognatha 

101. Chaetognatha, or arrow worms, are an active plankter which migrate 

vertically during the night and are characteristic of both Atlantic 

Shelf water and Block Island Sound water. They were c~nmmn in the 

winter at Eatons Neck and have been shown to be a dominant winter 

plankters in LIS. 2,7,8 

Ctenophora 

102. The last invertebrate holoplankters to be discussed are the Ctenophora. 

This group is cmnmn in the Sound in late sum~ner~~~~~ and represents 

another group which probably does not originate in the Sound, but is 

advected by Block Island Sound water. Ctenophora could also be used 

to determine chemically the impact of disposal on planktonic communities. 

The effect of Ctenophora grazing on Copepoda and other invertebrate 

holoplankton has already been discussed. 

Invertebrate Meroplankton 

crustace?? 

103. The Crustacea larvae of crabs (Brachyura) and shrimp (Caridea) are an 

important component of the zooplankton, primarily in the spring 

(February-March) and early summer (April-June)(Figure E8). Large 

numbers of crab larvae were reported by Caplan and Austin6 at both 

Jamesport and Shoreham during the spring of 1973-74 (February-April). 

The Caplan and Austin6 report and the present one for Eatons Neck 

represent a departure from the pattern reported for LIS waters by 

Lkevey .2 Larval forms of this group (Brachyura) are probably of LIS 
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origin and, in representing the recruits for subsequent benthic 

populations, should be monitored in terms of potential impact of 

disposal operations. This is also true of the larval shrimps 

(Caridea). Also of LIS origin, the larval shrimp are one of the 

major foods of many of the benthic fishes collected at Eatons Neck. 24 

Mollusca 

104. The second most important component of the meroplankton are the 

molluscan larvae of snails (Gastropoda) and clams (Bivalvia)(Figures 

EV and ElO). They, like their crustacean counterparts, first appeared 

in the late spring (April) and were abundant throughout the remainder 

of the study. The maximum densities for the snail larvae (Gastropoda 

veligers) is in J~ly,~-~ a period which was not sampled in this study. 

However, Deevey2 reported larval snails from plankton collected in 

the winter (November 1952-January 1953). The high variability asso- 

ciated with their distribution indicates that annual changes in popu- 

lation densities are very great. Therefore, there appears to be no 

safe time period during which larval snails will not potentially be 

influenced by disposal activities in LIS, based on the above annual 

distributional pattern. 

105. Larval clams (Bivalvia) were present later than the larval gastropods 

at Eatons Neck (Figure ElO). They did not appear until February 1975. 

This pattern of abundance was similar to that reported previously.' 

They are probably recruited from local benthicpopulations and, like 

the gastropod larvae, did not show any vertical migration patterns. As 
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inputs to the bathos upon settling, their populations should be 

monitored carefully along with the other invertebrate meroplankton. 

Polychaeta 

106. The most important invertebrate group in the benthos, the Polychaeta 

(Figure ElO) were not found in great abundance during this study. 

Although larval densities of this group began to increase in February 

1975, they were not found in the abundances reported previously.2'7>8 

It is unlikely that either the sampling gear or the sampling design, 

which included diurnals, contributed to the observed low abundance 

of this taxon. One can only assume that population densities of 

this larval group vary greatly from year to year. 

Vertebrate Meroplankton 

107. The seasonal abundance of fish eggs and larvae has been characterized 

in a seasonal sense by several authors. 3,11 The fish that spawn in 

LIS may be divided into two categories: resident and migratory.3y11 

Austin also divided the spawning differences into terms of physical 

and faunistic characteristics although he preferred the latter. 11 

These seasonal categories are as follows: 

a. Winter (December to mid-March). 

& Early spring (mid-March to mid-May). 

& Late spring (mid-May to late May or early June). 

6 Summer (early June to early September). 

& Fall (early or mid-September to late November or December). 

108. Austin'1 further pointed out that 
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. ..yearly fluctuations in total egg production, larval 

survival, or spawning by individual species is often 

of such magnitude that no one year ever appears 'normal'. 

The seasons are based upon measurements and not the 

Gregorian Calendar. 

109. Austin's scheme, Ichthyoplankton characteristics, and interpretation 

were used to evaluate the vertebrate meroplankton patterns for Eatons 

Neck. 

winter 

110. Austin" has pointed out that during the winter seasonal, variation 

in temperature is slight (0.4"C/week) and ranges from 0.7" to 7"~. 

The number of eggs and larvae tend to be low (less than 50/1000 m3). 

This is due to the absence of spawning populations of pelagic species 

in LIS as well as the fact that those species which do spawn produce 

demersal eggs, e.g. ) Pseudopleuronectes americanus. When eggs are 

present at this time they normally belong to the cod, Gadus morhua. 

HOWtYJ‘X, at Eatons Neck the eggs of the four-bearded rockling, 

EncheZyopus cimbrius, were found at all stations and depths in both 

February and March 1975. 

111. Austi& also reported that larvae of the sand lance, Ammodytes 

hempterm, the sculpin, Myoxocephalus spp., and the winter flounder, 

PseudopZeuronectes americanus, were indicative of winter ichthyo- 

plankton patterns. This same pattern was found in the present study 

at both the disposal site and control site. However, only the larvae 
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of the winter flounder was c~mmn at all stations and depths. It 

appears that ichthyoplankton distributions in the northern portion 

of the Sound contain fewer larvae than was reported by Austin 11 for 

the southern portion near Shoreham and Jamesport. 

Early spring 

112. The temperature regime in early spring is characterized by an iso- 

thermal water column and rapidly increasing temperatures of approxi- 

mately 1.5"C per week." Austin found that at Shoreham and Jamesport 

there was an abundance of the pelagic eggs of the fourbearded rockling, 

and the appearance of the mackerel, Scomber scombrus.ll In the present 

study, eggs of these two species were found in April 1975, as well as 

those of the windowpane flounder, Scophthalmus aquosus. This latter 

species was found at the control site only. Although its eggs are 

demersal, Austin points out that "The occurrence of these demersal eggs 

in the plankton is not unusual in shallow water as winter turbulence 

is generally sufficient to lift them from the bottom."" At the 

control site they were found in samples from both surface and subsurface 

towE3. 

113. The larval pattern for this early spring period at Eatons Neck (control 

and disposal sites) indicated an abundance of fourbearded rocklings. 

Two other species were present, the sculpin and the winter flounder. 

Whereas the winter flounder larvae reached their peak abundance 
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during this period in 1973-74,ll they were found in peak abundance 

during the next period at the Eatons Neck disposal site (control site). 

Late spring 

114. Although the hydrographic conditions during this period are similar 

to the previous one, the faunistic elements tend to be more diverse. 

Austin reported that the eggs of the weakfish, Cynosian reqaZis, the 

windowpane flounder, scophthabms iiquosus, and the mackerel become 

*umerOuS. 11 Further, one finds for the first time, the eggs of two 

other species, the menhaden, Brovoortia tyrannus, and the blackfish, 

Tuutoga or&is. This pattern for the southern Sound differs from that 

observed for the northern sound with respect to the following: 

a. Nine species of fish eggs were found in May 1975 

including those mentioned above as well as those of 

the cunner, Tautogolabrus adspersus, the small mouth 

flounder, Etropus microstorms, and the scup, Stenotomus 

chrysops. 

& Larvae of the species mentioned by Austin were already 

abundant by this time period in the northern Sound.'l 

SlUlUIle?? 

115. Although the present study included only one sampling period during 

this season, there were some significant differences between the 

pattern of egg and larval distributions at Eatons Neck disposal control 

sites and those reported previously." In general, the northern Sound 

was about 6 weeks ahead of the reported patterns for 1973-74 in terms 
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of both eggs and larvae. Specifically, eggs of several species were 

still at peak abundance in June 1975, e.g., the menhaden, the mackerel, 

and the windowpane flounder. The eggs of the butterfish, Peprik~s 

triacanthus, were noted for the Eatons Neck region, but not reported 

by Austin.'1 Finally, although anchovy larvae were present in tune 

1975 as previously reported by Austin.11 the sea robin, Prionotus spp., 

was not found during this period. 

Fall 

116. Insufficient ichthyoplankton were collected during this period to allow 

discussion. 

SUMi'lARY 

& Acartia tonsa was common throughout the first 6 months of the 

study with densities as high as 500,000 individuals/1000m3 

estimated in March 1975 (Figure Ell). 

& A plankton bloom occurred in populations of several copepods 

(including copepodids) in December 1975, e.g., Acartia dausii, 

Temora longicornis, and Acartia spp. copepodids. 

c- Meroplankton Crustacea, Caridea (shrimp), and Brachyura (crabs) 

became abundant (greater than 100,000 individuals/1000m3) in 

March and April 1975, respectively. 

6 Meroplanktonic Mullusca, Gastropoda, and Bivalvia became abundant 

(greater than 1000 individuals/lOOOm3) in April and May 1975, 

respectively. 

e. There were two blooms of Cladocera during 1975, one in February 

(1000 individuals/1000m3) and one in June (l,OOO,OOO individuals 
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/lOOOm3). Evadne sp. dominated the first bloom and Podon sp., 

the second. 

f. Polychaeta larvae were not common at any time during the present 

study. 

& The first significant numbers of fish eggs obtained in this study 

were collected in February 1975 at 'both control and disposal sites. 

They belonged to the fourbearded rockling. Larvae of the winter 

flounder and the sand lance were also collected with the former 

being present at the control site only. 

& The spring pattern of ichthyoplankton abundance included the eggs 

of E. cimbrius, S. scombrus, and S. aquosus. MyoxocephaZus spp. 

and P. americanus larvae were also collected. 

& The summer ichthyoplankton included nine species of eggs and 

larvae; with the first appearance of the butterfish. 

L The winter patterns of copepod abundance indicated two important 

findings as follows: 

1. There was a copepod bloom in December 1975, 6 weeks before 

the spring diatom bloom. 

2. Copepod densities were maximum at depth during the November 

diurnal, indicating a reproductive strategy not previously 

reported. 

Ifi Sexually mature copepods produce gametes in the winter, a common 

pattern for many temperate marine invertebrates.1 This adapta- 

tive strategy permits the copepods to transform lipid material 

into gametes under conditions of low maintenance, i.e., little 
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energy is expended for tissue growth (moulting) or searching 

for food or metabolism. 

1. The near-bottom temperatures in LIS are higher than surface - 

temperatures in winter. As poikilotherms, the assimilation 

efficiencies of these copepods will be greater at the inter- 

mediate temperatures (4-8'C) at depth than at the lower tempera- 

tures of surface waters (l-ZOC). 

m- The gametes, when released, sink to the bottom and remain there 

until the temperatures increase to a level which produces hatch- 

ing in the sediments. " This procedure maintains the resident 

populations by keeping the fertilized "wintering" eggs in the 

same region as the adults, a reproductive strategy critical for 

planktonic populations spawning in highly advective environments 

like LIS. There is insufficient evidence at this time to determine 

the extent of this type of reproductive strategy. 

& Finally, there is no advantage to migrate to the surface at night 

in the winter as the food densities (phytoplankton) are extremely 

1OW. Also, predators (Ctenophora) are more conrmon near the surface 

and any vertical migration would increase adult mortality due to 

predation. 
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Table El 

Zooplankton and Ichthyoplankton Data Base, 

Long Island Sound 

Site 

Mid-Sound 

Mid-Sound 

West Sound 

West Sound 
(Davids Island) 

Mid-Sound 
(Northport) 

Mid-Sound 
(Northport) 

Mid-Sound 
(Shoreham) 

Mid-Sound 
(Shoreham) 

Mid-Sound 
(Jamesport) 

Mid-Sound 
(Jamesport) 

West Sound 
(Hart Island) 

West Sound 
(Hart Island) 

Yea?? 

1951-52 

1951-52 

1971 

1972 

1972 

1971-72 

1973-74 

1973-74 

1973-74 

1973-74 

1975 

1975 

Grouq 

Zooplankton 

Ichthyoplankton 

Zooplankton 

Zooplankton 

Ichthyoplankton 

Zooplankton 

Zooplankton 

Ichthyoplankton 

Zooplankton 

Ichthyoplankton 

Zooplankton 

Ichthyoplankton 

Investigator (Reference) 

Deevey, 1956 (2) 

Richards, 1956 (3) 

Caplan and Pastalove, 
1972 (4) 

National Marine Fisheries 
Service (5) 

Austin, et al., 1974 (9) 

Williams, et al., 1973 (10) 

Austin and Caplan, 1974 
(7, 8) 

Austin, 1974 (11) 

Caplan and Austin, 1974 (6) 

Austin, 1974 (12) 

Purdin, 1976 (13) 

Sosnow, 1976 (14) 
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Table E2 

Eatons Neck Sampling Program 

Cruise Station Month Net* Depth** Reference? - __ 

EN1 

EN2 

EN3 

EN4 

EN5 

EN6 

EN7 

EN8 

EN9 

EN10 

EN11 

EN12 

EN1 
EN2 

EN1 
EN2 
ENCONT 

ENCONT 
EN2 
ENA 

END 
ENCONT 
ENB 

ENB 
END 

END 
ENCONT 
ENB 

END 
ENCONT 
ENB 

END 
ENB 
ENCONT 

ENB 
ENDSA 
ENCONT 

ENA 
ENCONT 

ENDSA 
ENDSA 

ENDSA 
ENA 
ENCONT 

Ott 

NOV 

NOV 

Dee 

DeC 

Jan 

Feb 

Mar 

APT 

May 

June 

II 
II 

II 
II 
II 

II 
II 
II 

III 
III 
III 

I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 

I 
I 

I 
I 
I 

1 
1 

3 
3 
3 

3 
3 
3 

2 
2 
2 

3 
3 

4 
4 
4 

4 
4 
4 

4 
4 
4 

4 
4 
4 

4 
4 

4 
4 

4 
4 
4 

C 
C 

C 
C 
C 

C 
A 
A 

B 
B 
B 

A 
A 

A 
A 
A 

A 
A 
A 

A 
A 
A 

A 
A 
A 

A 
A 

A 
A 

A 
A 
A 

Date 

31 Ott 74 

19 Nov 74 

20 Nov 74 

13 Dee 74 

18 Dee 74 

23 Jan 75 

18 Feb 75 

1 Apr 75 

28 Apr 75 

29 May 75 

29 May 75 
30 May 75 

17 Jun 75 

*Net, micron mesh: I = 363/202; II = 363; III = 202. 
**Depth: 1 = surface, middepth, and bottom; 2 = surface; 3 = middepth and 

bottom; and 4 = surface and middepth. 
iReference: A = buoy/drogue; B = buoy; C = drogue. 
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Table E3 

Sampling Station Locations for Eatons Neck Zooplankton 

Station 

Control EN3 

EN1 

EN2 

ENB 

END 

ENA 

ENDSA 

Depth, m Latitude 

25 41°00'oo" 

23 41'00'26" 

31 40"59'59" 

23 41"01'09" 

33 49°59'17'o 

26 41"00'12" 

25 41"00'37" 

Longitude 

73'22'00" 

73"27'13" 

73"25'32" 

73"26'51" 

73"25'56" 

73'26'30" 

73"28'8" 





:j/L, !<,A /; I,,_; ,,,. ,,,:.,j ,,,,,,: 

















t .  

























60,181 
60,181 
60,181 

0.4 320,963 
20,060 

47,450 

27.6 703,402 

68.3 1,266,860 

3.4 47,876 

0.1 3,683 

0.5 

0.1 
0.6 

34.8 

62.7 

2.4 

0.z 



3.3 

1.9 
67.9 
16.7 

2.7 

0.05 
0.55 28,871 
0.05 
0.8 16,368 

84.8 3,2X,827 
13.1 506,280 



6.6 4,716 

7.3 2,315 

27.9 35,841 

0.3 13,654 
0.04 

24.8 3,535 
0.5 
2.5 
0.5 

38.6 32,627 

9.8 7,803 
257 

0.04 
7.2 
2.0 
0.1 

45.26 
38.6 

0.5 

5.1 

1.2 

0.7 
23.8 
12.4 

4.9 

43.8 

14.3 
0.3 



Table E9 

October Dry Weig;ht Levels 

During Cruise ENl* 

Dry Weight 
Station mg/rd 

ENl-363-ZA-1 ND** 

ENl-363-ZB-1 1.425 

ENl-363-ZC-1 0.142 

ENl-363-2A-2 0.837 

ENl-363-2B-2 23.860 

ENl-363-ZC-2 6.800 

ENZ-363-lA-1 0.129 

EN2-363-lB-1 ND** 

ENZ-363-lC-1 0.016 

ENZ-363-lA-2 0.374 

EN2-363-lB-2 0.201 

ENZ-363-lC-2 ND** 

* 30 Ott 75. 
** No data. 



Table IL10 

November Spatial and Monthly Biomass Levels 

During Cruise ENZ* 

Station 

ENl-B(363) 

ENl-C 

Displacement; Volume 
ml/m:L 

0.0309 

EN3-B 

EN3-C 

EN2-B 0.0253 

EN2-C 

Dry Weight 
r&m3 

3.02 

12.76 

0.28 

22.30 

5.57 

5.18 

* 19 November 1974 



Table EU 

November Diurnal B:@ss Levels 

During Cruise EN3* -- 

Station 

ENZ-lB(363) 
ENZ-1C 
EN2-2B 
EN2-2C 
EN2-3B 
EN2-3C 
ENZ-4B 
EN2-4C 
EN2-5B 
ENZ-5B 
EN2-6A 
EN'&7A 
EN2-7B 
EN2-7C 
EN2-7A(202) 
EN2-7B 
EN2-7C 
ENA-8A 
ENA-8B 
ENA-PC 
ENA-8A(363) 
ENA-8B 
ENA-8C 

Displacement Volume 
llIllIU3 

0.0253 

NS** 
ND*** 

0.0117 
0.0047 
0.0009 

0.0120 
0.0026 

0.0028 
0.0316 
0.0135 
0.0281 
0.0264 
0.0097 

Dry Wei 
mg/J 

ht 

5.57 
5.18 
0.63 

21.98 
3.23 
7.30 
6.85 
1.36 
NS** 
ND*** 

19.46 
8.78 

60.44 
37.09 

4.26 
15.90 
33.39 

1.15 
31.37 
17.02 
35.61 
53.86 
46.13 

* 19 November 1974. 
** Not sampled. 
*** No data. 



Table El2 

December Monthly :Biomass Levels 

During Cruise EN4* 

station 

ENB-lA(202) 

ENB-2A 

END-1A 

END-2A 

ENCONT-1A 

ENCONT-2A 

Displacement Volume 
ml/m3 

0.0207 

0.1592 

0.0359 

0.0310 

0.0143 

0.0279 

3.06 

16.68 

6.06 

5.81 

2.65 

4.95 

* 13 December 1974 



Table El2 (concluded) 

December Monthly Biomass Levels 

During CruiseENSx 

Station 

ENB-lB(363) 

ENB-2B 

ENB-lB(202) 

ENB-2B 

END-lB(363) 

END-lB(202) 

Displacement Volume 
ml/m3 

Dry Wei ht 
mgfm 5 

0.3182 36.46 

0.1775 55.42 

0.1093 25.23 

0.0917 23.03 

0.1772 65.37 

0.1477 27.11 

* 18 December 1974 



Table El3 

January Monthly Biomass Levels 

During Cruise EN6* 

Dry Wei ht 
Station mg,J 

ENB-lA(363) NS** 
ENB-1B 5.69 
ENB-2A ND*** 
ENB-2B 24.88 
ENB-lA(202) 22.08 
ENB-2A 34.07 
ENB-1B 55.41 
ENB-2B 47.41 
END-lA(363) 66.41 
END-2A 4.33 
END-1B 19.02 
END-2B 21.44 
END-lA(202) 114.83 
END-1B 31.49 
END-2A 180.48 
END-2B 35.54 
ENCONT-lA(363) 47.93 
ENCONT-1B 41.10 
ENCONT-2A 54.35 
ENCONT-2B 23.02 
ENCONT-lA(202) 96.77 
ENCONT-1B 39.89 
ENCONT-2A 50.24 
ENCONT-2B 58.95 

* 23 January 1975 
** Not samples. 
*** No data. 



Table El4 

Monthly Dry Weight Levels 

Sample 

and Percent Ash Content -~ 

Dry Wei ht 
mg/m 3 

__- 
Ash 

Percent 

February, EN7 - 

ENB-lA(363) 6.70 16.0 
ENB-1B 80.00 9.8 
ENB-2A 9.24 7.5 
ENB-ZB 80.00 8.4 
ENB-lA(202) 28.04 7.4 
ENB-1B 80.07 7.2 
ENB-2A 36.30 9.3 
ENB-2B 69.24 14.4 
END-lA(363) 1.27 6.7 
END-1B 33.92 6.7 
EN@ZA 24.41 9.9 
END-2B NS* NS* 
EN&lA(202) 33.07 7.4 
END-1B 49.44 5.6 
END-2A 5.29 9.0 
END-2B NS* NS* 
ENCONT-lA(363) 1.56 11.1 
ENCONT-1B 50.57 14.2 
ENCONT-2A 41.12 12.3 
ENCONT-2B 28.16 7.6 
ENCONT-lA(202) 9.32 13.2 
ENCONT-1B 47.76 8.7 
ENCONT-2A NS* NS* 
ENCONT-2B NS* NS* 

* Not sampled. 

ENB-lA(363) 8.98 5.5 
ENB-1B 30.64 5.6 
ENB-2A 11.66 11.4 
ENB-2B 35.36 5.8 
ENB-lA(202) 9.80 14.2 
ENB-1B 56.60 5.7 
ENB-2A 15.50 5.7 
ENB-2B 44.48 5.0 

March, EN8 



Table El4 (continued) 

%lllple 
Dry Weight 

t mg/m- 
Ash 

Percent 

END-lA(363) 25.44 
ENE-1B 132.16 
END-2A 71.04 
END-2B 99.04 
END-lA(202) 44.36 
ENL+lB 120.16 
END-2A 38.88 
ENIF2B 126.08 
ENCONT-lA(363) 23.12 
ENCONT-1B 36.3;! 
ENCONT-2A 10.56 
ENCONT-2B 64.0 
ENCONT-lA(202) 71.44 
ENCONT-1B 67.36 
ENCONT-2A 17.84 
ENCONT-2B 86.24 

March, EN8 (continued) 

5.8 
5.4 
6.4 
5.2 
6.1 
5.4 
7.1 
7.2 
5.8 
4.5 
5.8 
5.5 
6.6 
5.4 
5.8 
5.5 

ENB-lA(363) 32.17 8.88 
ENB-1B 86.57 6.27 
ENB-2A 17.47 10.48 
ENB-2B 14.71 8.87 
ENB-lA(202) 27.14 8.37 
ENB-1B 65.20 7.39 
ENB-2A 32.56 7.15 
ENB-2B 21.09 9.92 
ENSA-lA(363) 109.80 6.59 
ENSA-1B 43.89 8.58 
ENSA-2A 18.96 8.44 
ENSA-2B 79.12 7.35 
ENSA-lA(202) 92.85 9.30 
ENSA-1B 82.39 6.40 
ENSA-2A 50.67 7.19 
ENSA-2B 101.84 7.14 
ENCONFlA(363) 37.66 6.92 
ENCONT-1B 80.57 6.53 
ENCONT-2A 46.80 6.79 
ENCONT-2B 145.63 7.85 
ENCONT-lA(202) 81.60 7.28 
ENCONT-1B 102.41. 8.83 
ENCONT-2A 89.73 7.18 
ENCONT-2B 146.40 6.64 



Table El4 (continued) 

Dry Wei 
3 

ht Ash 
w/m _ Percent 

May, ENlO, EN11 -- 

31.06 
27.88 
60.02 
57.34 
58.33 
57.91 

122.18 
86.73 
46.83 
53.51 
52.32 
49.49 
86.65 

111.43 
111.71 
100.50 

26.58 
57.75 
31.38 
62.41 
60.02 

140.15 
79.37 

158.13 
55.87 
61.99 
43.29 
86.61 
32.64 
37.79 

112.94 
165.88 
118.83 
135.387 

77.58 
86.78 

11.87 
14.90 

8.15 
12.00 

9.55 
13.50 
15.53 

8.04 
14.58 
18.15 
15.68 
14.42 
14.54 
15.87 
11.77 
17.77 
12.87 

9.15 
12.78 

9.30 
11.81 

7.86 
18.82 

7.78 
23.97 

6.16 
25.52 

6.42 
13.44 

8.75 
7.56 
9.77 
9.68 
6.39 

12.94 
6.27 

Sample 

ENA-lA(363) 
ENA-2A 
ENA-1B 
ENA-2B 
ENA-lA(202) 
ENA-2A 
ENA-1B 
ENA-2B 
ENCONT-lA(363) 
ENCONT-2A 
ENCONT-1B 
ENCONT-2B 
ENCONT-lA(202) 
ENCONT-2A 
ENCONT-1B 
ENCONT-2B 
ENDSA-l-lA(363) 
ENDSA-l-1B 
ENDSA-l-2A 
ENDSA-l-2B 
ENDSA-l-lA(202) 
ENDSA-l-1B 
ENDSA-l-2A 
ENDSA-l-2B 
ENDSA-2-lA(363) 
ENDSA-2-1B 
ENDSA-3-1A 
ENDSA-3-1B 
ENDSA-4-1A 
ENDSA-4-1B 
ENDSA-Z-lA(202) 
ENDSA-2-1B 
ENDSA-3-1A 
ENDSA-3-1B 
ENDSA-4-1A 
ENDSA-4-1B 



Table El4 (concluded) 

Sample 
Dry Wei 

5 
ht 

mp/R,- 

June, EN12 - 

Ash 
Percent 

ENDSA-lA(202) 13.57 18.35 
ENDSA-2A 25.10 22.16 
ENDSA-1B 104.01 7.00 
ENDSA-2B 96.58 4.35 
ENDSA-lA(363) 4.46 19.44 
ENDSA-2A 6.35 17.36 
ENDSA-1B 12.60 15.31 
ENDSA-2B 10.57 18.09 
ENA-lA(202) 250.12 17.60 
ENA-2A 145.41 17.42 
ENA-1B 353.40 5.39 
ENA-2B 193.78 7.81 
ENA-lA(363) 44.62 16.55 
ENA-2A 57.09 22.74 
ENA-1B 109.07 11.50 
ENA-2B 47.08 5.20 
ENCONT-lA(202) 395.77 6.14 
ENCONT-2A 440.63 5.47 
ENCONT-1B 171.51 0.52 
ENCONT-2B 344.83 4.57 
ENCONT-tA(363) 153.33 8.49 
ENCONT-2A 147.78 11.87 
ENCONT-1B 190.24 13.33 
ENCONT-2B 237.45 9.02 



Table El5 

Species Abundance of Phytoplankton* 

Bacillariophyta Others 
EN1 & EN2 EN3 EN1 & EN2 EN3 

x SD cvp---------- ff SD cv w SD cv x SD ~ - cv 

October 0.76 1.33 1.74 0.49 0.63 1.26 3.43 7.12 2.07 0.80 1.12 1.40 

November 3.53 5.40 1.52 3.92 6.30 1.60 0.37 0.46 1.23 0.35 0.31 0.86 

December 9.61 19.04 1.98 11.17 21.60 1.93 0.36 0.51 1.40 0.31 0.42 1.35 

.J.SlUZX-y 8.08 13.28 1.64 8.32 12.89 1.54 0.21 0.13 0.61 0.20 0.12 0.61 

* In cellsllitre. 



Table El6 

Total Phytoplankton Abundance 

Date 

29 October 1974 11.3* 

19 November 1974 26.8 

20 December 1974 70.7 

3 January 1975 60.9 

21 January 1975 84.1 

20 February 1975 80.4 

29 March 1975 2355.7 

1 April 1975 1005.5 

9 April 1975 622.0 

22 April 1975 716.8 

6 May 1975 113.0 

10 June 1975 1157.0 

* Average of all stations/depths. 



In accordance with letter from DAEN-RDC, DAEN-ASI dated 
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cap,an, Ronald I 
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burg, Miss. : U. S. Waterways Cxpcriment Station, 1977. 

68, ,36g p. : ill. : 27 cm. (Technical report U. S. Army 
Engineer Waterways Experiment Station ; O-77-6, Appendix E) 
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